Introduction 1
Diabetes mellitus is a major public health problem, accounting 246 million people worldwide 2 (Tabish, 2007) . The human body tightly regulates glucose levels, however, abnormalities in 3 blood sugar levels hyperglycemia (high) or hypoglycemia (low) result in serious, potentially 4 life-threatening complications (Peters et al., 2015) . The predictions show that the rate of 5 diabetic people will increase by about 58% by 2025 (380 million) and it is the fourth 6 prevalent cause of death (International Diabetes Federation, 2006; Tirimacco et al., 2010). 7
Factors that limit hospitalisations of diabetic patients include regular/continuous monitoring 8 and control of the glucose level in the body (Shafiee et al., 2012) . A variety of unambiguous 9 methods for detecting and quantifying glucose in assorted biological fluids and food matrices 10 exist which include spectrophotometric, calorimetric, chromatographic and electrochemical 11 approaches. Electrochemical biosensors have gained immense acceptance in the field of 12 medical diagnostics due to their attributes of simple, real-time, rapid and economical systems. 13 The device comprises of a synergistic combination of biological recognition element 14 (biotechnology) and a compatible transducer (microelectronics) (Singh et al., 2009 ). Glucose 15 oxidase (GOx from Aspergillus niger) is a homodimer enzyme, which contains one iron atom 16 and one flavin adenosine dinucleotide cofactor which catalyzes the conversion of β-d-glucose 17 to d-glucono-1,5-lactone (Galant et al., 2015) . GOx has been widely used in the 18 determination of glucose for its excellent specificity to the analyte and catalyzing activity 19 (Piao et al., 2015; Zebda et al., 2011) . 20 Nevertheless, the major challenges in the development of GOx based amperometric 21 biosensors are (i) higher loading of enzyme (sensitivity), (ii) stability of immobilized enzyme, 22
and (iii) reduction in high overpotentials (Singh et al., 2009 ). Hence the host matrix and the 23 immobilization strategy employed synergistically influence the performance of the biosensors 24 (Li et al., 2000) . Several electrodes modifying materials such as carbon based nanomaterials, 25 polymers, metal nanoparticles and silica nanostructures or their hybrids have been widely 26 used for GOx immobilization (Zhu et al., 2014) . Among them silica being inert, non-toxic, 27 with tunable porosity and inexpensive to synthesize will suit for this potential application (He 28 et al., 2010; Y. ). Further, silica imparts biocompatibility and hydrophilicity 29 for the immobilized enzyme as well as prevents enzyme leakage (Jaganathan and Godin, 30 2012 ). However, mere higher loading of GOx alone is not enough; the immobilized enzyme 31 needs to show higher activity too. The relatively poor conductivity of pristine silica makes it 32 difficult to use in practical electrochemical biosensor application (Fang et al., 2015) . 33 used as received. Polyethoxy substituted water soluble LuPc 2 was prepared following a 23 previous method (Ayhan et al., 2013) but with a few modifications. To brief the double 24 decker lutetium (III) compound was synthesised by the reaction of the dinitrile derivative 25 with lutetium acetate in n-pentanol in the presence of DBU as a strong base. 26
Apparatus 27
The morphologies of the as prepared SiO 2 (LuPc 2 ), PANI(PVIA) and SiO 2 (LuPc 2 )-28 PANI(PVIA)-CNB were examined by FEI-Nova scanning electron microscopy (SEM) with a 29 low magnification (200,000×) and high voltage (20 kV) . A Philips CM20 transmission 30 electron microscopy (TEM) was used to obtain high resolution images operating at a voltage 31 of 200kV. UV-Visible spectrophotometer (Varian 50-scan UV-Visible) was used to measure 1 the absorption spectra of the platform. FT-IR spectra of pristine and integrated CNB were 2 recorded on a Perkin Elmer Spectrum 100 spectrophotometer. The Brunauer-Emmett-Teller 3 (BET) surface area of the platform was investigated through nitrogen adsorption−desorption 4 isotherm measurements and performed on a Micromeritics ASAP 2020 M volumetric 5 adsorption analyzer at 77.34 K. A precision measurement to the platform surface was carried 6 out by using a computer programmed Philips X-Pert X-ray diffractometer to be employed for 7 the X-ray diffraction (XRD) work, using a Cu Kα radiation source (λ = 0.154056 nm for Kα1) 8 working at 40 KV and 40 mA. Electrochemical measurements were performed using a 9 portable multi Potentiostat µStat 8000/8 channels purchased from DropSens (Spain) and 10 controlled by PC with DropView 8400 software. Disposable screen-printed carbon electrodes 11 (DRP-C110) from DropSens with 4 mm diameter working electrode (carbon) were used for 12 modification. The auxiliary and reference electrodes are carbon and silver, respectively, while 13 the träger (carrier) is ceramic. The basal carbon working electrodes were modified with 
Morphology 1
SiO 2 (LuPc 2 ) nanoparticles exhibited similar spherical morphology ( Fig. 1(a) ) as that of 2 pristine SiO 2 nanoparticles ( Fig. 1(d) ), except with the change in the size of the nanoparticles. uniform with an average size of 140 nm ( Fig. 1(d) ). The variation in the size distribution of 6 SiO 2 (LuPc 2 ) exemplifies the incorporation of LuPc 2 into SiO 2 nanoparticles during the mode 7 of synthesis. Furthermore it could be seen that the particles are slightly tilted to accommodate 8 (Fig. 1g) . The dark spots noticed 16 within the SiO 2 nanoparticles ensure the incorporation of LuPc 2 inside the nanocages of SiO 2 . 17
However, the TEM image of pristine SiO 2 nanoparticle showed smooth and uniform size 18 distribution of particles (Fig. 1h) . On closer analysis, we could notice that the surface 19 becomes coarse due to PANI(PVIA) grafting. For reference the SEM images of PANI(PVIA) 20 and LuPc 2 are shown in Fig. 1(e) and Fig. 1(f) , respectively. TEM image of PANI(PVIA) 21 exhibited nanobead like structure with average particle size around 30 nm (Fig. 1i) . 22 The surface area of pristine SiO 2 
UV-visible spectroscopy 30
The UV-visible absorption spectra of SiO 2 (LuPc 2 ) (Fig. 2a) show characteristic N, B, and Q 31 bands of LuPc 2 around = 315 nm, sharp band around = 390 nm, and intensive Q 32 absorption band of the macrocycles at = 702 nm (Basova et al., 2008a; 2008b) . This 33 9 features the incorporation of LuPc 2 inside SiO 2 nanoparticles. However the observed 1 variation in peak intensity in addition to small shift in absorption bands compared to pristine 2 LuPc 2 (Fig. 2,inset) may arise due to the interaction of LuPc 2 with host walls of SiO 2 and 3 dimerization of larger aggregates during the gellation process (Holland et al., 1998). Fig. 2  4 b,c shows the absorption spectra of PANI-EB and PANI(PVIA), respectively. The undoped 5 PANI-EB (Fig. 2b) showed absorption bands corresponding to π-π* transition of benzene 6 ring (310 nm) and excitation of the imine segment on the PANI chain (around 600 nm) (Rahy 7 et al., 2011). Moreover for PANI(PVIA) (Fig. 2c) , the disappearance of the band around 600 8 nm indicates that the doping occurs at the imine segment of the emeraldine chain (Wang et al.,  9 2014). The observed bathochromic (red) shift of π-polaron to > 750 nm illustrates that PANI 10 backbone was well doped with -COOH/acetate functional groups in PVIA (Taşdelen, 2017) . (W) and CPE 1 & CPE 2 standing for the double layer capacitance on the electrode/electrolyte 10 interface and the pseudocapacitance in the polymer film, respectively, is shown in SI-2(B). 11
Electrochemical behavior of SiO 2 (LuPc 2 )-PANI(PVIA)-CNB modified electrode 12
The electrochemical behavior of the modified electrodes was investigated by recording cyclic 13 voltammograms (CVs) of modified electrodes using Fe(CN) 6 3− / 4− as a redox marker. CV 14 obtained at pristine SiO 2 (curve a), SiO 2 (LuPc 2 ) (curve b), PANI(PVIA) (curve c) and 15 6 3− / 4− (5 mM) containing 0.1M NaCl is 16 shown in Fig. 3(A) . A pair of one electron quasi-reversible redox peaks corresponding to 17 for the further immobilization of GOx for the determination of glucose. 13 Thereafter GOx(Red) will be regenerated to GOx(FAD) by electrooxidized SiO 2 (LuPc 2 )-16 PANI(PVIA)-CNB. The plausible mechanism is as follows 17
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18
20
The current response was linear for glucose concentration in the range of 1-16 mM 21 (correlation coefficient, R = 0.997) (Fig. 4 inset) . The responses were saturated when glucose 22 concentrations were higher than 16 mM that could be attributed to enzyme saturation (Li et conditions (SI-7(iii)). 22
Specificity and interference 23
The selectivity of the fabricated electrode is an important criterion for biosensor application. Table  9 2. The results in SI-9 Table 
